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CONTEXT SERVICE SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to context information. More 
specifically, the present invention relates to a system which 
aggregates and abstracts context information from a plurality 
of different Sources and makes it available to requesting appli 
cations. 
The mobile business space is a business environment in 

which employees, contractors or other users communicate 
with one another using mobile devices, such as cellular tele 
phones, palmtop computers, laptop computers, personal digi 
tal assistances (PDAs) etc. In Such a business environment, 
contextual information can be critically important in running 
a business in an efficient manner, and in a manner which is 
satisfactory to the customers of the business. 

However, building business Software and computing solu 
tions to satisfy the needs of this business environment is 
challenging, expensive, and time consuming. The following 
scenario illustrates some of the challenges associated with 
this business environment. Assume that a television repair 
company conducts business by sending technicians to cus 
tomer sites to fix problems with the customers’ televisions. 
All customer calls are directed through a central call center. A 
dispatcher receives a call at the call center from a customer 
whose television has suddenly stopped displaying color. The 
customer insists that a technician make a call the same day in 
order to address the problem. In order to assign an appropriate 
technician to service the customer's call, the dispatcher 
would desirably know which technician is most qualified, 
which one has time in his or her schedule to service the 
customer's call today, which technician is the most afford 
able, given the previous constraints, and which technician is 
the closest to the customer. In other words, the dispatcher 
would desirably know the context associated with the tech 
nicians prior to assigning a technician to the customers call. 

However, all of this information currently comes from a 
wide variety of different sources, which are not easily 
accessed and obtained. In order to access this wide variety of 
different sources, a developer must have knowledge of each 
of the systems which provide different portions of the desired 
information, know how to interact with those systems, and 
know how to obtain the relevant information from those sys 
tems. This can be quite difficult since the context data sources 
can vary widely including, by way of example, userpersonnel 
files, calendaring or scheduling programs, geographic loca 
tion devices, cellular networks, mobile devices, etc. 

SUMMARY OF THE INVENTION 

The present system aggregates information from a plural 
ity of different context sources. The present system also 
makes that aggregated information available to requesting 
components by abstracting it into a generalized form. Thus, 
the developer of a context-aware application need only know 
how to interact with the context service of the present inven 
tion, rather than knowing how to interact with each and every 
one of the context sources. 

In one embodiment, the present invention includes a con 
text data store that stores context data aggregated from the 
plurality of sources. A context service interface is provided 
which exposes methods that can be called to add context data 
to the data store and retrieve context data from the data store. 

In one embodiment, a find service is provided which 
receives a request to retrieve context data and invokes the 
methods on the context service interface to retrieve the 
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2 
desired data. A data provider service can also be provided to 
receive context data from the plurality of sources and invoke 
methods on the context service interface to add or update the 
context data in the data store based on the context data 
received. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of one illustrative environment in 
which the present invention can be used. 

FIG. 2 is a block diagram of a context service system in 
accordance with one embodiment of the present invention. 

FIG. 3 is a flow diagram illustrating how context data is 
added to a context data store, in accordance with one embodi 
ment. 

FIG. 4 is a flow diagram illustrating one embodiment of 
how information is retrieved from the context data store. 

FIG. 5 is a flow diagram illustrating another embodiment 
of how context data is retrieved from the data store. 

FIG. 6 is a block diagram of the context service system in 
a client/server environment. 

Appendix A illustrates a number of classes in an exemplary 
class library. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

The present invention deals with context information. 
More specifically, the present invention deals with a system 
for abstracting and aggregating context information from a 
Variety of Sources and making it available to requesting com 
ponents. However, prior to discussing the present invention in 
greater deal, one embodiment of an illustrative computing 
environment for the present invention will be discussed. 

FIG. 1 illustrates an example of a suitable computing sys 
tem environment 100 on which the invention may be imple 
mented. The computing system environment 100 is only one 
example of a Suitable computing environment and is not 
intended to Suggest any limitation as to the scope of use or 
functionality of the invention. Neither should the computing 
environment 100 be interpreted as having any dependency or 
requirement relating to any one or combination of compo 
nents illustrated in the exemplary operating environment 100. 
The invention is operational with numerous other general 

purpose or special purpose computing system environments 
or configurations. Examples of well known computing sys 
tems, environments, and/or configurations that may be suit 
able for use with the invention include, but are not limited to, 
personal computers, server computers, hand-held or laptop 
devices, multiprocessor systems, microprocessor-based sys 
tems, set top boxes, programmable consumer electronics, 
network PCs, minicomputers, mainframe computers, distrib 
uted computing environments that include any of the above 
systems or devices, and the like. 
The invention may be described in the general context of 

computer-executable instructions, such as program modules, 
being executed by a computer. Generally, program modules 
include routines, programs, objects, components, data struc 
tures, etc. that perform particular tasks or implement particu 
lar abstract data types. The invention may also be practiced in 
distributed computing environments where tasks are per 
formed by remote processing devices that are linked through 
a communications network. In a distributed computing envi 
ronment, program modules may be located in both local and 
remote computer storage media including memory storage 
devices. 
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With reference to FIG. 1, an exemplary system for imple 
menting the invention includes a general purpose computing 
device in the form of a computer 110. Components of com 
puter 110 may include, but are not limited to, a processing 
unit 120, a system memory 130, and a system bus 121 that 
couples various system components including the system 
memory to the processing unit 120. The system bus 121 may 
be any of several types of bus structures including a memory 
bus or memory controller, a peripheral bus, and a local bus 
using any of a variety of bus architectures. By way of 
example, and not limitation, Such architectures include Indus 
try Standard Architecture (ISA) bus, Micro Channel Archi 
tecture (MCA) bus, Enhanced ISA (EISA) bus, Video Elec 
tronics Standards Association (VESA) local bus, and 
Peripheral Component Interconnect (PCI) bus also known as 
Mezzanine bus. 
Computer 110 typically includes a variety of computer 

readable media. Computer readable media can be any avail 
able media that can be accessed by computer 110 and includes 
both volatile and nonvolatile media, removable and non-re 
movable media. By way of example, and not limitation, com 
puter readable media may comprise computer storage media 
and communication media. Computer storage media includes 
both volatile and nonvolatile, removable and non-removable 
media implemented in any method or technology for storage 
of information Such as computer readable instructions, data 
structures, program modules or other data. Computer storage 
media includes, but is not limited to, RAM, ROM, EEPROM, 
flash memory or other memory technology, CD-ROM, digital 
Versatile disks (DVD) or other optical disk storage, magnetic 
cassettes, magnetic tape, magnetic disk storage or other mag 
netic storage devices, or any other medium which can be used 
to store the desired information and which can be accessed by 
computer 100. Communication media typically embodies 
computer readable instructions, data structures, program 
modules or other data in a modulated data signal Such as a 
carrier WAV or other transport mechanism and includes any 
information delivery media. The term “modulated data sig 
nal” means a signal that has one or more of its characteristics 
set or changed in Such a manner as to encode information in 
the signal. By way of example, and not limitation, communi 
cation media includes wired media Such as a wired network or 
direct-wired connection, and wireless media Such as acoustic, 
FR, infrared and other wireless media. Combinations of any 
of the above should also be included within the scope of 
computer readable media. 
The system memory 130 includes computer storage media 

in the form of volatile and/or nonvolatile memory such as read 
only memory (ROM) 131 and random access memory 
(RAM) 132. A basic input/output system 133 (BIOS), con 
taining the basic routines that help to transfer information 
between elements within computer 110, such as during start 
up, is typically stored in ROM 131. RAM 132 typically con 
tains data and/or program modules that are immediately 
accessible to and/or presently being operated on by process 
ing unit 120. By way of example, and not limitation, FIG. 1 
illustrates operating system 134, application programs 135, 
other program modules 136, and program data 137. 
The computer 110 may also include other removable/non 

removable volatile/nonvolatile computer storage media. By 
way of example only, FIG. 1 illustrates a hard disk drive 141 
that reads from or writes to non-removable, nonvolatile mag 
netic media, a magnetic disk drive 151 that reads from or 
writes to a removable, nonvolatile magnetic disk 152, and an 
optical disk drive 155 that reads from or writes to a remov 
able, nonvolatile optical disk 156 such as a CD ROM or other 
optical media. Other removable/non-removable, volatile/ 
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4 
nonvolatile computer storage media that can be used in the 
exemplary operating environment include, but are not limited 
to, magnetic tape cassettes, flash memory cards, digital ver 
satile disks, digital video tape, solid state RAM, solid state 
ROM, and the like. The hard disk drive 141 is typically 
connected to the system bus 121 through a non-removable 
memory interface Such as interface 140, and magnetic disk 
drive 151 and optical disk drive 155 are typically connected to 
the system bus 121 by a removable memory interface, such as 
interface 150. 

The drives and their associated computer storage media 
discussed above and illustrated in FIG. 1, provide storage of 
computer readable instructions, data structures, program 
modules and other data for the computer 110. In FIG. 1, for 
example, hard disk drive 141 is illustrated as storing operating 
system 144, application programs 145, other program mod 
ules 146, and program data 147. Note that these components 
can either be the same as or different from operating system 
134, application programs 135, other program modules 136, 
and program data 137. Operating system 144, application 
programs 145, other program modules 146, and program data 
147 are given different numbers here to illustrate that, at 
minimum, they are different copies. 
A user may enter commands and information into the com 

puter 110 through input devices such as a keyboard 162, a 
microphone 163, and a pointing device 161, Such as a mouse, 
trackball or touchpad. Other input devices (not shown) may 
include a joystick, game pad, satellite dish, Scanner, or the 
like. These and other input devices are often connected to the 
processing unit 120 through a user input interface 160 that is 
coupled to the system bus, but may be connected by other 
interface and bus structures, such as a parallel port, game port 
or a universal serial bus (USB). A monitor 191 or other type of 
display device is also connected to the system bus 121 via an 
interface, such as a video interface 190. In addition to the 
monitor, computers may also include other peripheral output 
devices such as speakers 197 and printer 196, which may be 
connected through an output peripheral interface 190. 
The computer 110 may operate in a networked environ 

ment using logical connections to one or more remote com 
puters, such as a remote computer 180. The remote computer 
180 may be a personal computer, a hand-held device, a server, 
a router, a network PC, a peer device or other common net 
work node, and typically includes many or all of the elements 
described above relative to the computer 110. The logical 
connections depicted in FIG. 1 include a local area network 
(LAN) 171 and a wide area network (WAN) 173, but may also 
include other networks. Such networking environments are 
commonplace in offices, enterprise-wide computer networks, 
intranets and the Internet. 

When used in a LAN networking environment, the com 
puter 110 is connected to the LAN 171 through a network 
interface or adapter 170. When used in a WAN networking 
environment, the computer 110 typically includes a modem 
172 or other means for establishing communications over the 
WAN 173, such as the Internet. The modem 172, which may 
be internal or external, may be connected to the system bus 
121 via the user-input interface 160, or other appropriate 
mechanism. In a networked environment, program modules 
depicted relative to the computer 110, or portions thereof, 
may be stored in the remote memory storage device. By way 
of example, and not limitation, FIG. 1 illustrates remote 
application programs 185 as residing on remote computer 
180. It will be appreciated that the network connections 
shown are exemplary and other means of establishing a com 
munications link between the computers may be used. 
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It should be noted that the present invention can be carried 
out on a computer system such as that described with respect 
to FIG. 1. However, the present invention can be carried out 
on a server, a computer devoted to message handling, or on a 
distributed system in which different portions of the present 
invention are carried out on different parts of the distributed 
computing System. 
The discussion of the present invention refers to “context 

data' or “context information’. For purposes of the present 
discussion, these terms mean any or all of the following 
information or similar information: 

information that identifies a person (such as user name, 
user id, address, company, etc. ...), business attributes of the 
person (Such as title, billing rate, level of training, expertise, 
teams the person belongs to, identifying information for those 
teams, etc. . . . ), the ways to contact the person (such as 
cellular telephone numberii, e-mail address, telephone num 
ber, pager number, etc. ...), the person's preferences (such as 
desired hours of availability, preferred devices to use during 
various hours of the day, etc. . . . ), the devices used by the 
person and how those devices are set up (such as device id, 
device description, applications installed on the device, oper 
ating system on the device, memory available, etc. . . . ), the 
person’s schedule and contact list, etc. . . . . 

FIG. 2 illustrates a block diagram of one embodiment of a 
context system 200. In the embodiment illustrated in FIG. 2, 
system 200 includes context data store 202, context service 
interface 204, data provider service 206 and find service 208. 

FIG. 2 illustrates that interface 204 and services 206 and 
208 are connected through a network 210, such as a local or 
wide area network. FIG. 2 also shows that context service 
interface 204 includes a security layer 212 (discussed in 
greater detail below) and that context service interface 204 
(which can be implemented as objects in one or more class 
libraries) exposes a plurality of interfaces 214 that have meth 
ods which can be invoked by data provider service 206 and 
find service 208 through network 210. 

In addition, FIG.2 shows that context service system 200 is 
connected to a requesting application 220 which, in the 
embodiment illustrated, requests context information from 
data store 202. FIG. 2 also shows system 200 connected to a 
plurality of different data sources 222 and 224. The two data 
sources 222 and 224 which are illustrated are a calendar or 
scheduling application and a cellular network. Of course, it 
will be appreciated that a wide variety of other data sources 
can be connected to system 200 as well. Such as a global 
positioning system (GPS) location system, application meta 
data system, a provisioning system, etc. FIG. 2 also illustrates 
that system 200 is configured to receive device registration 
information 226, user registration information 228, schedule 
information 230, and location information 232. Further, FIG. 
2 illustrates optional class libraries 234 and 236 which can be 
instantiated, as described below. 

System 200 aggregates context information from sources 
222-224, as well as from devices and users and abstracts that 
information into a generalized form which is stored in context 
data store 202. In one embodiment interface 204 aggregates 
the information through data provider service 206. A request 
ing application 220, which will illustratively be a context 
aware application that makes use of such context information, 
can request the aggregated and abstracted context informa 
tion. In one embodiment, requesting application 220 requests 
the context information in context data store through find 
Service 208. 

FIG.3 is a flow diagram which illustrates one embodiment 
for adding context data to data store 202. In the embodiment 
illustrated by FIG. 3, context data store 202 is illustratively a 
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6 
database that stores information represented by objects. The 
objects are accessed through context service interface 204. 
Thus, data store 202 can be a data store which stores infor 
mation in terms of objects, or a relational database in which 
queries to the database are converted from an object refer 
enced query to a relational database query by interface 204. In 
any case, interface 204 is configured to execute queries 
against data store 202 to obtain the information therein. 

FIG.3 illustrates how a user who wishes to obtain a mobile 
device registers with system 200, and how the device is reg 
istered with system 200 as well. First, the user provides user 
registration information 228 to data provider service 206. 
This is illustrated by block 300 in FIG. 3. In one embodiment, 
the user simply contacts an administrator of system 200 and 
provides an amount of user identification information Suffi 
cient to create a user object. The user object can include a user 
ID, which is a global unique identifier that uniquely identifies 
a user in the system, and may be assigned by the system oran 
administrator in the system. The user object can also include 
a user name which is a unique user name within the domain of 
the user and may also be chosen by the user, or assigned by the 
administrator or the system. The user object also illustratively 
includes the user's first name, the user's last name, the user's 
email address, the user's domain name (such as the company 
name), if applicable, and an indication as to whether the user 
is mobile enabled. 
The indication as to whether the user is mobile enabled 

indicates whether the user is a mobile user in the company. 
For example, this field may be set to true if a user is allowed 
to submit mobile sales orders. Otherwise the field is set to 
false. Of course, the User object can include other informa 
tion or different information. For instance, the user can pro 
vide user preferences, such as the times of day that the user 
wishes to be contacted on different devices that are registered 
under the user's name. By way of example, the user may wish 
to be contacted by cellular telephone during the morning 
hours and by electronic mail on the user's laptop in the after 
noon hours. 
Once this user registration information is received, it is 

provided to data provider service 206. Data provider service 
206 generates a User object in a standard format. In one 
embodiment, the user registration information 228 is pro 
vided to data provider service 206 as a standard document 
(such as an XML document). Data provider service 206 then 
arranges the data into the standard User object form. Gener 
ating the User object is illustrated by block 302 in FIG. 3. 
Data provider service 206 then invokes one of methods 214 
on interface 204, through network 210, in order to employ 
interface 204 to store the newly created User object in context 
data store 202. This is indicated by block 304 in FIG. 3. 
Once the User object has been created and stored, the 

device which the user wishes to use is then customized for the 
user. This is illustrated by block 306 in FIG. 3. In one illus 
trative embodiment, the system administrator or provisioning 
department of the company that has deployed system 200 
simply obtains the device requested by the user and then 
accesses the User object to customize the device for the user. 
For example, if the device which has been requested is a 
cellular telephone, customizing the device may include pro 
gramming the cellular telephone with the user ID and user 
aC. 

Once the device has been customized for the user, the 
device provides device registration information 226 to data 
provider 206. This is indicated by block 308 in FIG. 3. The 
device registration information can include, for example, a 
device name which may be a user-friendly name for the 
device, a device ID which is a unique value and may be 
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generated by system 200, a user ID which is the identifier for 
the owner or user of the device, a device type (such as cellular 
telephone, laptop, palmtop, etc.), an identification of the pro 
cessor on the device, an identification of the screen size of the 
device (such as horizontal and vertical screen dimensions), an 
identification of the manufacturer of the device, and an indi 
cator of the radio capabilities of the device (such as whether 
the device includes capabilities for GPS, GPRS, CDMA, 
802.11, etc.). The device registration 226 information can 
also include an indication of the particular operating system 
running on the device, the version of the operating system 
running on the device, the physical address of the mobile 
device (which may be an IP address or for a cellular phone, its 
telephone number), the amount of random access memory on 
the device, etc. 
Once data provider service 206 receives device registration 

information 226, it forms a Device object which represents 
the device registration information 226. This is indicated by 
block 310 in FIG.3. Data provider service 206 then invokes a 
method 214 on interface 204 through network 210, in order to 
store the Device object in context data store 202. This is 
indicated by block 312 in FIG. 3. 

Data provider service 206 can also receive information 
from a variety of other sources. For instance, FIG. 2 illustrates 
that data provider service 206 receives schedule information 
230 from data source 222 which is a calendar application. In 
that example, once a user has been registered in system 200 by 
receipt of user registration information 228, associated cal 
endar or schedule information 230 can be provided for that 
user. Schedule information 230 can include, for example, the 
normal working hours of the identified user, appointments 
scheduled for the identified user, as well as vacations or other 
times that a user may be unavailable. As with the user and 
device registration information, data provider service 206 
forms a Schedule object and invokes methods 214 on inter 
face 204 to store data represented by that object in context 
data store 202. 

Another example of a data source which provides context 
information to system 200, and which is illustrated in FIG. 2, 
is a cellular network 224. Cellular network 224 includes a 
cellular telephone 314, a tower316 for a first cell site (cell site 
A) and a tower 318 for a second cell site (cell site B). Cellular 
network 224 is already implemented with location capability 
that provides location information indicative of a generalized 
location of cellular telephone 314 (such as which cell site it is 
currently located in). In one embodiment, once cellular tele 
phone 314 has registered by providing device registration 
information 226, cellular network 224 is queried to obtain 
location information 232 that is associated with the specific 
cellular telephone 314 that has registered with system 200. 
The location information may illustratively include a device 
ID which identifies the cellular telephone 314 (or other 
device) for which the location is being tracked, the country 
that the device is located in, the state that the device is located 
in, the city that the device is located in, and the XY coordi 
nates (in terms of longitude and latitude) where the device is 
located. Data provider, service 206 again generates a Loca 
tion object representing the location information and invokes 
methods 214 to store information represented by the Location 
object in context data store 202. 

While a number of context data sources are illustrated in 
FIG. 2, it will be appreciated that any number of additional or 
different data sources can be provided as well. For example, 
if the device which has been registered includes a GPS 
receiver, then GPS location can be provided instead of loca 
tion information 232 from cellular network 224. In addition, 
the device can provide information relating to the cellular 
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8 
carrier it uses as well as the roaming charges which are 
charged by that carrier. In addition, applications which reside 
on the device that has been registered can provide application 
metadata which includes the name and version of the appli 
cation, the size of the application, etc. 

In addition, a company may provide context information 
related to the organization of the company. For instance, a 
Team object may be included which identifies teams, a leader 
of each team and the name of each team. Similarly, team 
members may be identified by an object which correlates a 
team identifier with a user identifier. Many other sources of 
context data can be provided as well. 

It should also be noted that information can be provided 
from the data sources to interface 204 in a variety of different 
ways. For instance, where data provider service 206 is imple 
mented as a web service, the data source simply needs to 
provide a web address for contact service interface 204 along 
with the location of an XML document which contains the 
context information being Submitted by the data source. In 
that embodiment, data provider service 206 retrieves the 
XML document and invokes the proper interface 214 to have 
context service interface 204 store information represented 
by an object generated based on the XML document in con 
text data store 202. 

In another embodiment, however, the methods of interact 
ing with context data store 202 are implemented in class 
libraries. The data sources, if they have access to the class 
libraries, can instantiate objects from the class libraries and 
call the methods on the instantiated objects themselves. As 
illustrated in FIG.2, class libraries 236 can be accessed by the 
data sources and objects in those classes can be instantiated 
and used to provide data to context data store 202. 
Not only can data be provided to context data store 202 by 

data sources, but it can be retrieved from context data store 
202 by a requesting application 220. FIG. 4 is a flow diagram 
illustrating one embodiment in which requesting application 
220 requests data from context data store 202. First, the 
requesting application 220 identifies a need for retrieving 
context information. In Such an embodiment, requesting 
application 220 can illustratively be a context-aware applica 
tion which makes decisions and generates messages and other 
outputs based on context. Thus, requesting application 220 
has identified a need for a certain item of context information. 
This is indicated by block 350 in FIG. 4. 

Requesting application 220 then invokes find service 208 
by calling the appropriate web service method. Again, 
requesting application 220 simply provides the web address 
of context service interface 204, along with a location in 
which requesting application 220 desires to receive the XML 
document containing the context information requested. In 
that embodiment, find service 208 returns the XML document 
containing the requested context information to the specified 
location for access by requesting application 220. Calling the 
web service method is indicated by block 352 in FIG. 4 and 
the find service returning the XML document with the desired 
context information is indicated by block 354 in FIG. 4. 
Of course, as with providing data to context data store 202, 

requesting applications 202 can (if they have access to class 
libraries 234) simply instantiate objects which implement the 
context service interface 204 and directly invoke the methods 
on those objects. This is indicated in greater detail in the flow 
diagram of FIG.5. First, requesting application 220 identifies 
a need to retrieve context information. This is indicated by 
block 356 in FIG. 5. Requesting application 220 then 
accesses class libraries 234 and instantiates desired objects. 
This is indicated by block358. Finally, requesting application 
220 invokes desired methods on the instantiated objects to 
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retrieve desired context information from context data store 
202. This is indicated by block 360. 

In accordance with yet another embodiment, it should be 
noted that requesting application 220 can access data in con 
text data store 202 directly using database queries. For 
example, if data store 202 is implemented as a structured 
query language (SQL) database, then, so long as requesting 
application 220 is provided with access to data store 202, it 
can directly retrieve context information from data store 202 
using SQL queries. Similarly, if the data sources are given 
direct access to data store 202, they can add information to 
data store 202 directly using SQL queries. 
The class libraries discussed herein and used to implement 

interface 204 can take a wide variety of different forms. One 
illustrative embodiment of a number of the classes in an 
exemplary class library are set out in appendix A hereto. 
However, it should be noted that the classes discussed therein 
are exemplary only and any number of additional or different 
classes can be used as well. 

Illustratively, all accesses to the context information 
through interface 204 are subjected to a security policy imple 
mented by security layer 212. In one embodiment, security 
layer 212 is a rules-based security layer. Security layer 212 
thus enforces access restriction and any other security mea 
sures implemented in the rules. Therefore, users are only 
allowed to access context information for which they are 
authorized by layer 212. The rules can implement security in 
various levels. For example, some users may be provided with 
complete access to all context information. Other users may 
be provided with no access to context information. Still other 
users may be provided with read only access, or read only 
access to some of the context information and read/write 
access to other context information. Of course, other or dif 
ferent security measures can be implemented as well. 

FIG. 6 is a block diagram of another embodiment of the 
present invention in which the context service system is 
implemented in a client/server environment. FIG. 6 illustrates 
system 200 discussed with respect to FIG. 2 on a server 400. 
FIG. 6 also includes a local system 402, which includes the 
same components as system 200 except that they are located 
on client 404. Thus, system 402 includes local cache 406, 
local context service interface 408, local data provider service 
410 and local find service 412. FIG. 6 also shows requesting 
application 220, network 210, and data sources which are 
collectively designated by numeral 420. 
A number of operations will now be described in order to 

better illustrate the operation of the system shown in FIG. 6. 
In one illustrative operation, requesting application 220 
requests local find service 412 to retrieve and return desired 
context information. In this embodiment, the desired context 
information is stored in cache 406. Therefore, local find ser 
vice 412 invokes the appropriate method on interface 408 and 
retrieves the desired context information and returns it to 
requesting application 220. 

In another operation, the information is not located in 
cache 406. In that embodiment, requesting application 220 
provides local find service 412 with a request to retrieve the 
desired context information. Local find service 412 invokes 
the method on interface 408 to retrieve the desired informa 
tion, and a null value (or other value) indicating that the 
information does not exist in cache 406 is returned. In that 
case, local find service 412 accesses find service 208 in sys 
tem 200 through network 210. Find service 208 invokes the 
appropriate method on interface 204 to retrieve the data from 
data store 202. The data is retrieved and provided from find 
service 208 back to local find service 412 which returns it to 
requesting application 220. Local find service 412 then 
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10 
invokes an appropriate method on interface 408 to add the 
requested context information to cache 406. 

In order to add context information, data source 420 first 
provides the context information to local data provider ser 
vice 410. Local data provider service 410 then provides the 
information through network 210 to data provider service 206 
in system 200. Data provider service 206, in turn, invokes an 
appropriate method on interface 204 to add the context infor 
mation to context data store 202. This is confirmed back to 
local data provider service 410. Local data provider service 
410 then invokes an appropriate method on interface 408 to 
add the context information to cache 406 and this is also 
confirmed to local data provider service 410. 

It canthus be seen that the present invention helps to reduce 
information overload to developers and applications by fil 
tering the information according to what is relevant in a 
current context. It does this by allowing a developer to write 
applications that are context aware and therefore reduce con 
text information requested to that which is necessary. Simi 
larly, the present invention provides a single place for obtain 
ing all information related to context. The invention functions 
as an aggregator and abstractor for different providers of 
context information. Thus, it offers a simple object-oriented 
programming model to access contextual information so that 
the developer only needs to learn a single set of semantics 
instead of one corresponding to each source of context infor 
mation. By implementing a security layer, the present inven 
tion enables custom authorization schemes to address privacy 
concerns. Similarly, by providing developers with access to 
the data store directly through SQL queries, developers can 
customize the service to their needs and performance require 
mentS. 

Using the present system, the scenario discussed in the 
background section can be greatly enhanced. For example, 
assume that the dispatcher receives a call from a customer that 
the television is broken (such as fails to display color) and that 
the customer wishes a technician to attend to the problem 
today. The dispatcher can simply select an “assign techni 
cian’ function on a context aware application. This results in 
a technician being assigned to the job based on several factors 
considered by the function, Such as, current location of the 
technician, the level of expertise of the technician, and the 
technician's schedule for the day. All of this information is 
obtained from the context service component and incorpo 
rated into the function of the context-aware application. The 
dispatcher then assigns the identified technician to the job. 
The identified technician's schedule is automatically updated 
with the new job and a message is sent to the technicians 
mobile telephone informing him of the change in Schedule. 
The technician also receives directions to the new customer 
site on his mobile device. The technician arrives at the site, 
completes the job and sends a message back to the call center 
stating that the job has been completed. This entire scenario is 
enabled because the application can obtain context informa 
tion from a central location which has aggregated and 
abstracted the context information for access by the applica 
tion. 
Of course, a wide variety of other applications can be 

written using the present context service. For instance, a 
mobile worker can subscribe to traffic updates on a cellular 
telephone, to receive those updates everyday from 5-6 PM 
when traffic is heavy. However, when the worker is out of 
town for the day, the application realizes this because it is 
contained in the context information provided by the context 
service (such as through the Schedule object). Therefore, the 
application detects that the worker is not in a local area and 
hence the traffic report is not sent. 
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Similarly, assume that a worker has identified as a pre 
ferred mobile device a personal digital assistant. Assume also 
that another person attempts to send the worker a message 
that is quite large, but not very urgent. The context-aware 
application detects this (again by retrieving context informa 
tion from the present context service). The message is thus 
sent to the worker's desk-top computer so that the worker will 
receive it when he or she returns to the office at the end of the 
day. This can of course be accomplished by having the worker 
set up a preference as to which device should receive mes 
Sages, based on message size. 

These are but a few exemplary scenarios that can be 
addressed by context aware applications using the context 
service of the present invention. Of course, these are illustra 
tive scenarios only, provided to illustrate Some uses and 
operations of the present invention, and countless others can 
be supported by the present invention. 

Although the present invention has been described with 
reference to particular embodiments, workers skilled in the 
art will recognize that changes may be made in form and 
detail without departing from the spirit and scope of the 
invention. 

What is claimed is: 
1. A context service system, comprising: 
a data aggregator component receiving context data from a 

plurality of different types of external data sources, com 
prising a plurality of files, a plurality of applications, a 
plurality of mobile devices, and one or more cellular 
networks, that provide context data in different formats 
and including a first type of external data source that 
provides user specific context information indicative of 
a user's identity, and Schedule, and a second type of 
external data source that provides device context data 
indicative of a type of external computing device used by 
the user, and a type of application used by the computing 
device used by the user, the data aggregator component 
arranging the context data in a generalized format; 

a data store receiving the context data in the generalized 
format from the aggregator component and storing the 
context data; and 

a computer processor, being a functional component of the 
system and activated by the data aggregator component 
to facilitate implementation of the data provider compo 
nent; 

wherein the data aggregator component comprises: 
a programming interface having exposed methods invoked 

to receive the context data and store the context data in 
the data store; and 

a data provider component receiving a data add request 
from one or more of the external data sources, the data 
add request including corresponding device context 
data, the data provider component invoking a method 
from among the exposed methods on the programming 
interface based on the data add request, selecting one or 
more external devices indicated by the device context 
data that corresponds to the data add request, and cus 
tomizing the selected external devices with the context 
data in the generalized format to register the one or more 
Selected external devices to the user and configure the 
one or more external devices for the user; 

wherein the data add request identifies context data to be 
stored and wherein the data provider component 
receives the context data to be stored and generates a 
context object representing the context data to be stored 
in the generalized format; 
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12 
wherein the data provider component invokes the method 

on the programming interface to provide the context 
object to the programming interface; and 

wherein the data aggregator component is a first data 
aggregator component in the system and the system 
further comprises a second data aggregator component, 
a local cache, and a local find service, wherein the sec 
ond data aggregator component is in communicative 
connection with the first data aggregator component, 
wherein the local find service is configured to receive a 
data add request from one or more of the external data 
Sources, to invoke a method from among the exposed 
methods on a second programming interface comprised 
in the second data aggregator component based on the 
data add request, wherein the second data aggregator 
component first seeks the context information based on 
the data add request on the local cache, and if the context 
information is not found on the local cache, then the 
second data aggregator component seeks the context 
information based on the data add request from the first 
data aggregator component, and customizes the selected 
external devices with the context data in the generalized 
format. 

2. The context service system of claim 1 wherein the data 
Sources invoke the exposed methods. 

3. The context service system of claim 1 wherein the pro 
gramming interface is configured to pass the context data to 
be stored, represented by the context object, to the data store. 

4. The context service system of claim 1, wherein the 
external data sources from which the data aggregator compo 
nent is configured to receive context data, comprise an exter 
nal device. 

5. The context service system of claim 1, wherein the 
external data sources from which the data aggregator compo 
nent is configured to receive context data, comprise a mobile 
telephone. 

6. The context service system of claim 1, wherein the 
external data sources from which the data aggregator compo 
nent is configured to receive context data, comprise a mobile 
computing device. 

7. The context service system of claim 1, wherein the 
external data sources from which the data aggregator compo 
nent is configured to receive context data, comprise a geo 
graphic location device. 

8. The context service system of claim 7, wherein the 
geographic location device comprises a Global Positioning 
System device. 

9. The context service system of claim 1, wherein the 
external data sources from which the data aggregator compo 
nent is configured to receive context data, comprises device 
registration information. 

10. The context service system of claim 1, wherein the 
external data sources from which the data aggregator compo 
nent is configured to receive context data, comprises user 
personnel files. 

11. The context service system of claim 10, wherein the 
personnel files the data aggregator component is configured 
to receive from the external data sources, comprises one or 
more of a user's name, a user's identification, a user's 
address, a user's company, a user's title, a user's schedule, a 
user's contact list, a user's billing rate, a user's level of 
training, a user's expertise, a team to which a user belongs, a 
user's telephone number, a user's e-mail address, a user's 
pager number, a user's desired hours of availability, a user's 
devices, a user's preferences for which of several devices to 
use at different times, applications installed on a user's 
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device, an operating system installed on a user's device, and 
memory available on a user's device. 

12. The context service system of claim 1, wherein the 
context data the data aggregator component is configured to 
receive from the external data sources, comprises schedule 
information from a user's Scheduling application. 

13. The context service system of claim 1, wherein the 
context data the data aggregator component is configured to 
receive from the external data sources, comprises metadata 
for an application running on a mobile computing device. 

14. The context service system of claim 1, wherein the 
context data the data aggregator component is configured to 
receive from the external data sources, comprises information 
on a geographic location of a mobile computing device. 

15. The context service system of claim 1, wherein the 
context data the data aggregator component is configured to 
receive from the external data sources, comprises information 
on a geographic location of a mobile telephone. 

16. The context service system of claim 1, wherein the 
context data the data aggregator component is configured to 
receive from the external data sources, comprises information 
on a mobile telephone service provider associated with a 
user's mobile telephone. 

17. The context service system of claim 1, further compris 
ing a security layer that enforces security measures on access 
to the context data. 

18. The context service system of claim 1, wherein the 
system is further configured so that if the second data aggre 
gator component seeks the context information based on the 
data add request from the first data aggregator component, 
then the second data aggregator component customizes the 
selected external devices with the context data in the gener 
alized format from the first data aggregator component and 
invokes a method on the second interface to add the context 
information to the local cache. 

19. A method of providing context data to a requesting 
application, comprising: 

aggregating, with a computer processor, context data using 
a first data aggregator component from a plurality of 
different remote data Sources, comprising a plurality of 
files, a plurality of applications, a plurality of mobile 
devices, and one or more cellular networks, that provide 
context data in different formats from one another overa 
network connection, the context data defining a physical 
location of a user and user qualification information 
indicative of the user's training, and device information 
indicative of an application running on a mobile device 
assigned to the user, wherein a second data aggregator 

10 

15 

25 

30 

35 

40 

45 

14 
component is in communicative connection with the 
first data aggregator component and includes an associ 
ated local cache and local find server, 

abstracting the aggregated data into a generalized format; 
receiving a context data request from the requesting appli 

cation, the context data request itself including context 
data; 

selecting, with the processor, one or more external devices 
indicated by the context data that corresponds to the 
context data request; 

providing the one or more selected external devices with 
access to the abstracted aggregated data; 

customizing the one or more selected external devices with 
the abstracted aggregated data; 

receiving a data add request at the local find service from 
one or more of the external devices; 

invoking a method from among exposed methods on a 
programming interface comprised in the second data 
aggregator component based on the data add request; 
and 

seeking context information based on the data add request 
on the local cache, and if the context information is not 
found on the local cache, then the second data aggrega 
tor component seeks the context information based on 
the data add request from the first data aggregator com 
ponent, and customizes the selected external devices 
with the context data in the generalized format. 

20. The method of claim 19 wherein aggregating com 
prises: 

providing a programming interface with exposed methods 
invoked to submit the context data from the data sources. 

21. The method of claim 20 wherein abstracting comprises: 
converting the Submitted context data to the generalized 

format; and 
storing the context data in a data store. 
22. The method of claim 19 wherein providing the request 

ing application with access comprises: 
providing a programming interface with exposed methods 

invoked to retrieve the context data and provide the 
context data in the generalized format to the requesting 
application. 

23. The method of claim 19, wherein the requesting appli 
cation requests the data over a network connection from a 
remote location, and wherein the method further comprises 
providing the access to the abstracted aggregated data to the 
requesting application over the network connection. 
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